Aims. We study the characteristics of doublet type II radio bursts in which two type II bursts occur in sequence and investigate their drivers. Methods. 37 type II bursts reported by the Culgoora radio observatory in the Solar Geophysical data for the period September 1994-July 2004 were used to determine their time and frequency characteristics. In order to investigate their association with flares and Coronal Mass Ejections, flare data from NOAA and Coronal Mass Ejection data from Center for Solar Physics and Space weather, Catholic University of America were used. Results. The second type II burst starts at a lower frequency than to the first one. The normalized drift rate of the the first II burst is found to be nearly twice that of the second type II burst. For both the first and second type II bursts, their start frequencies and the drift rates are found to be correlated. The mean time difference between the start of the first and second type II burst is 8.1 min. There were no reports of two flares or CMEs except one case each. The first and second type II bursts start 5 and 15 min after the start of the GOES X-ray flares. The time difference between the CME onset and start of the first and second type II burst is close to the above values. The type II doublet bursts have the following association with flares: B class 11%; C class 25%; M class 40% and X class 25%. The Coronal Mass Ejections associated with type II doublet bursts have an acceleration of −10 m/s 2 and angular width of more than 270 degrees.
Introduction
Type II solar radio bursts have been studied by solar astronomers for more than 50 years. Wild & McReady (1950) first reported the observations of type II radio bursts from the dynamic spectra of solar radio bursts. The dynamic spectrum of a type II burst shows an emission band drifting from high to low frequency with a drift rate of ≤0.5 MHz/s. The characteristics of type II bursts are summarized in Nelson & Melrose (1985) , Mann (1995) , Aurass (1997) and Gopalswamy (2000) . The slow drift rate of a type II burst is interpreted as the radio signature of a Magnetohydrodynamic shock wave generated in the solar corona (Uchida 1960) . The shock waves can be generated either by flares and/ or Coronal Mass Ejections (CMEs) (Smerd et al. 1975; Gopalswamy et al. 1998; Cliver et al. 1999) . Theoretical work on the electron acceleration in coronal shocks has been published by Mann et al. (1997) , Mann & Claasen (1995) and Claasen & Mann (1997) . Like type III radio bursts which sometimes occur in groups, type II radio bursts can also occur in multiples. Robinson & Sheridan (1982) were the first to report multiple type II bursts and to suggest that they were due to a single shock intersecting different coronal structures. Klassen et al. (1999) has reported the observation of two type II bursts in sequence and suggested that the second type II burst was probably driven by the evaporation shock. Shanmugaraju et al. (2003) while studying the characteristics of type II bursts during the last solar maximum reported the occurrence of multiple type II bursts. Only a very small number of bursts (7) was used in their analysis. It will be interesting to study the characteristics of multiple type II bursts with a larger sample and compare them with those of type II bursts. In this paper, we study the time and frequency characteristics of type II bursts that occur in sequence, which we call type II doublet bursts, and which occurred between September 1994 and July 2004. We also present the temporal association of these type II doublet bursts, with flares and/or CMEs.
Data selection
We study the type II doublet bursts reported by NOAA (ftp://ftp.ngdc.noaa.gov/STP/SOLAR-DATA) for the period September 1994 to July 2004. Since different observatories use different density models for the calculation of the estimated shock speeds and different methods to determine the characteristics of the bursts, we have selected only those bursts reported by the Gulgoora radio observatory, in order to have a uniform data sample. The data for the flares has been taken from the website http://www.ngdc.noaa.gov/STP/flare and the CME data has been taken from the web site http://cdaw.gsfc.nasa.gov/CME.lists. We have used the following criteria in the selection of the spectral data.
1. The difference between the start time of the two type II bursts in the type II doublet bursts must be less than 20 min. 2. The second harmonic emission must have been observed to enable us to determine the end frequency as the end frequency of the fundamental can be below the ionospheric cutoff frequency and/or the frequency of operation of the spectrograph. 3. The start and end frequencies should be certain.
On this basis, we were able to select 37 type II doublet bursts for our study. We use the data for the harmonic of the bursts reported. We present here their time and frequency characteristics. The accuracy in the reported values of the frequency and time respectively is 0.5 MHz and 0.5 min.
Data analysis

Time and frequency characteristics
We study the life time, start frequency, end frequency, bandwidth, drift rate and the estimated shock speeds (ESS) of the first type II burst (type II 1 ) and the second type II burst (type II 2 ) of the type II doublet burst and compare them with those of type II bursts. Figure 1 shows a typical example of a type II doublet burst observed with the Gauribidanur digital radio spectrograph (Ebenezer & Subramanian in preparation) .
Life time
The life time is defined as the time difference between the start of the burst at a higher frequency and the end of the burst at a lower frequency. For both the bursts in the type II doublet, their life times were measured. Figures 2a and 2b show the distribution of the life times of type II 1 and type II 2 bursts. The life time for the type II 1 burst varies from 2 to 14 min and the mean value is 8.4 min. The life time for the type II 2 burst varies from 2 to 18 min with the mean value of 11.0 min. The mean life time of type II 1 burst and type II 2 agrees with the life time (5−15 min) of type II bursts (Mann 1996) . Figure 2c shows the scatter plot of their life times. It is found that the life times of type II 1 and type II 2 bursts are weakly correlated with a linear correlation coefficient of 0.32. Lara et al. (2003) , the mean start frequency of CME related type II bursts is 129 MHz with a standard deviation of 76 MHz. Figure 3c shows the scatter plot of the start frequencies of type II 2 and type II 1 bursts. We find that the two quantities are correlated with a linear correlation coefficient of 0.50. The start frequency of type II 2 burst (stf 2 ) is found to be always less than the start frequency of the type II 1 burst (stf 1 ) and is given by the relation stf2 (MHz) = 60.39 + 0.29 × stf1 (MHz).
Start frequency
End frequency
The distribution of the end frequencies of type II 1 and type II 2 bursts are shown in Figs. 4a and b. The end frequency of type II 1 bursts varies from 20 to 70 MHz with most of its value lying around 30 MHz, and for the type II 2 burst, a similar distribution can be seen in the Fig. 4b . The end frequency can be below these values due to the lower limit of the frequency of operation of the spectrograph and the ionospheric cut off frequency. For the type II 1 burst, the average end frequency is 49.0 MHz and for the type II 2 burst is 43.8 MHz. From Fig. 4c , it can be seen that the end frequency of the type II 1 burst and the type II 2 burst are correlated with a linear correlation coefficient of 0.65. The difference in the start frequency of the type II 2 burst and end frequency of the type II 1 burst is shown in Fig. 5a . We found a weak correlation between the start frequency of the type II 2 burst and the end frequency of the type II 1 burst as seen from Fig. 5b . 
Bandwidth
Figures 6a and b show the histograms of the bandwidths (end frequency -start frequency) of the type II 1 and the type II 2 bursts. For the type II 1 burst, the bandwidth varies between 20 to 300 MHz and the average bandwidth is 133.0 MHz. For the type II 2 burst, the bandwidth varies between 20 to 200 MHz and the average value is 68.0 MHz. The scatter plot of the bandwidths of type II 1 and type II 2 bursts is shown in the Fig. 6c . The linear correlation coefficient is 0.37.
Drift rate
From the total bandwidths and total life times of the type II doublet bursts, their normalized drift rates ( Vrsnak et al. (2004) has reported a value of 1.83 for the power-law index for the metric type II bursts. We have found that the start frequency and the drift rate are correlated positively with a linear correlation coefficient of 0.68 and 0.67 for the type II 1 and type II 2 bursts. These results are in agreement with the results reported by Mann (1995) that the drift rate increases with the start frequency. For the type II burst, Mann et al. (1996) report a correlation coefficient of 0.88 for the scatter plot of drift rate and start frequency for the harmonic of type II bursts.
Shock speeds
For the type II 1 burst, the estimated shock speed (ESS) varies from 600 to 1800 km s −1 and for the type II 2 burst, the same varies from 200 to 1800 km s −1 . The Culgoora radio observatory's report for the ESS are made by using Newkirk's density model. The mean speed of the type II 1 burst is 912 km s −1 and for the type II 2 burst, the mean speed is 664 km s −1 . This is in agreement with Klassen et al. (1999) who have shown that in a single case of multiple type II burst observations, the second shock is slower than the first one. The average values of the different time and frequency parameters of the type II doublet bursts determined by us are given in Table 1 . Vrsnak et al. (2001 , and the references therein) found a close temporal association between the metric type II bursts and the flares. Also a positional relationship between the metric type II radio source and the flaring region was established by Klassen et al. (1999) and Klein et al. (1999) . In the case of DH and kilometre type II bursts, it has been well established that they are caused by faster and wider CMEs (Gopalswamy et al. 2001 ). In the case of type II doublet bursts, an investigation of such an association is important to determine the drivers of these bursts and whether both the type II 1 burst and type II 2 bursts are associated with flares and /or CMEs or whether the type II 1 burst is caused by the flare and the type II 2 burst by the CME. The distribution of the time difference between the start of the type II 1 burst and type II 2 burst is shown in Fig. 9 . The mean time difference is 8.1 min in agreement with a value of 10 min reported by Robinson (1982) for several type II bursts in sequence. We have investigated the occurence of two flares associated with the type II doublet bursts. There were no reports the peak of the GOES X-ray flares. For the 28 type II doublet burst events for which flares were reported, we have found the following association: B class 11%; C class 25%; M class 40% and X class 25%.
Association with flares
Association with CMEs
Onset times
While it has been well established that the DH and kilometre type II bursts are caused by CMEs, the association of metric type II bursts with CMEs is still not well understood. Out of the 37 events we have considered in this analysis, we could compare the onset times of CMEs and start of the type II doublet bursts for only 30 events due to SOHO data gaps and the non availablity of SOHO data before 1997. Only for July 13, 2004, were there reports of the occurence 2 CMEs, one at 00:00 UT and another at 00:05 UT compared to the start of type II 1 burst at 00:17 UT and type II 2 burst at 00:23 UT. We have shown the distribution of the time difference between the start of the type II 1 / type II 2 bursts and the CMEs respectively in Figs. 11a and 11b. Second order polynomial fits were made to the CME plane of the sky speed and time -height plots were made for the determination of the onset times of CMEs at 1.1 solar radii. For the type II 1 burst, the time difference between its start and CME onset is mostly around 5 min and the same for the type II 2 burst and CME onset is 15 min. The average values respectively are 8.9 and 14.2 min. These values depend on the true speeds of the CMEs. Figure 12 shows the distribution of the plane of the sky speed of the CMEs, estimated shock speeds (ESS) of type II 1 and type II 2 bursts. For the CME, the plane of the sky speed ranges from 200 to 1800 km s −1 . For the type II 1 burst, the ESS varies from 600 to 1800 km s −1 whereas for the type II 2 burst, the ESS ranges from 200 to 1800 km s −1 . The mean values of their speeds are 839, 912 and 664 km s −1 . Gopalswamy et al. (2001) had found that the CMEs associated with metric type II bursts have speeds less than 500 km s −1 . According to Robinson (1985) , the average speed of type II bursts varies Fig. 11 . Histogram of the time difference between the start of type II 1 burst (Fig.11a )/type II 2 (Fig.11b) bursts and the onset of CME at 1.1 solar radii. between 500−700 km s −1 . We have found that the plane of the sky speed of the CME is better correlated with the ESS of type II 1 burst than the ESS of type II 2 burst as seen from Fig. 13 . Most of the CMEs associated with doublet type II bursts have an accelecration of −10 m/s 2 (Fig. 14) compared to a value of −5 m/s 2 (Lara et al. 2003) for CMEs associated with metric type II radio bursts. The distribution of the width of the CMEs associated with doublet type II bursts shows a maximum around 90 and 330 degrees as seen from Fig. 14 . Most of the CMEs associated with type II doublet bursts have larger angular width (33% of them are HCMEs). According to Lara et al. (2003) , CMEs associated with metric type II bursts have an angular width of ∼90 degrees. The combination of high speed and width of the CME leading to the large energy of the CME may be an important factor in the generation of type II doublet radio bursts.
Speed, acceleration and angular width
Discussion
The radio emission process of a type II burst is due to plasma oscillations from the electrons accelerated at the moving shocks. (Wild et al. 1963; Nelson & Melrose 1985) . These plasma oscillations occur at the local plasma frequency and the scattering of the plasma waves on the background ions result in electromagnetic waves at the fundamental and the coalescence of two plasma waves result in the second harmonic. In the case of type II doublet radio bursts, where two type II bursts occur in sequence with a time delay of ∼8 min, one expects two shock waves generated within this time interval. While investigating multiple type II bursts, Robinson & Sheridan (1982) found no evidence of multiple shocks. They suggested multiple type II bursts were produced by a single shock travelling through different coronal structures. The drivers of these shock waves can be either flares and /or CMEs. According to Claßen & Aurass (2002) , the radio emission of a type II burst is generated at flare related blast wave shocks, or at shock waves driven by the leading edge of the CME, or by the flanks of the CME. Therefore the type II doublet bursts may be produced either by a flare or flare -CME or by the front and flank of a CME. The possibility of two different shock waves excited by one disturbance like a flare was explored by Karlicky & Odstrěil (1994) and Karlicky et al. (1998) . According Karlicky (1998) , the first shock wave is of the blast type and is of short duration compared to the second one which is piston driven by the evaporation shock. Our analysis shows that the mean life time of the first type II burst in the type II doublet burst is shorter than the second one and agrees with the prediction of this model. In the case of the flare -CME scenario, according to Wagner & MacQueen (1983) , two shocks can be generated by a shock, one ahead of a CME and a blast wave moving through the CME. The possiblity of a CME that generates shock waves from the front and botom was explored by Magara (2000) in their model. Sakai et al. (2005) has simulated solar type II bursts associated with CMEs. Manusco & Raymond (2004) had suggested that shock waves can be produced from the front and flanks of a CME. We now consider the possiblity of the generation of shock waves from the front and flank of a CME. From our data analysis, we found that the type II 2 burst starts at a lower frequency compared to the type II 1 burst. The relation between the start frequencies of type II 1 and type II 2 bursts suggests that the exicting agent may be the same, but have different shock drivers. The higher start frequency of type II 1 bursts compared to type II 2 bursts implies that its shock is propagating through a denser medium suggesting the possibilty of its generation by the leading edge of the CME, since the leading edge of the CMEs have enhanced density (Low 1996) . Also, since the the velocity of the CME is measured using its leading edge, a good correlation between the speed of the CMEs and the ESS of type II 1 bursts suggest that II 1 burst may be produced by front of the CME. The weak correlation between the speed of the CMEs and the ESS of type II 2 bursts suggests that the type II 2 burst may be associated with the flanks of the CME where the propagation speed is significantly lower than the leading edge of the CME (Reiner & Kaiser 1999) 
Conclusions
We have analyzed the characteristics of type II doublet bursts in which two type II bursts occur in sequence with a time delay of ∼8 min. Our analysis has showed that the start frequency of a second type II burst is less than the first one in close agreement with the observations made by Robinson & Sheridan (1982) that the the second burst occurs at a height higher than the first one. We found that the characteristics, like life times, start frequencies, end frequencies, drift rates, bandwidths, shock speeds of type II 1 and type II 2 bursts are weakly correlated (corr. coefficient 0.3 to 0.6), suggesting that the drivers of type II 1 burst and type II 2 burst are different. The normalized drift rate of type II 2 bursts is found to be about half that of type II 1 bursts. We have investigated the association of flares and/or CMEs with the type II doublet bursts. We have found no evidence of two flares or CMEs except in one case each. The flares start approximately 5 and 15 min respectively before the start of the type II 1 and type II 2 bursts. The CME also starts before the type II 1 and type II 2 in a similar fashion showing the close association between flares and CMEs in the case of type II doublet radio bursts. Type II 1 and type II 2 bursts respectively start about -5 and 3.6 min before the peak of the GOES X-ray flares. Most of the CMEs associated with type II doublet bursts are HCMEs with larger negative acceleration suggesting that further study of these bursts may be relevant to space weather since it may be a good proxy for earth bound CMEs. We have found that the speed of the CME is better correlated with the ESS of type II 1 bursts than that of type II 2 bursts. We have considered different drivers (flare-CME, CME front and flank) of the shock waves associated with type II doublet bursts. We have found that the CME front -flank scenario can explain some of the relation between the properties of CME and type II doublet radio bursts. High spatial resolution multifrequency observations at meter -decameter wavelengths are required to clearly identify the shock drivers of the type II doublet radio bursts.
